Abstract: In recent years, the solar energy has been considered as one of principal renewable energy sources for electric power generation. However, the maximization of extracted power from PV system is a matter of concern as its conversion efficiency is low. Therefore, a maximum power point tracking (MPPT) controller is necessary in a PV system for maximum power extraction. This paper presents a new Maximum Power Point Tracking (MPPT) algorithm for Photovoltaic (PV) systems. The new method combines a novel strategy to identify the global maximum power point. In the proposed PV-MPPT system, a new control strategy creates two operating areas. In these two areas, the step-size changes adaptively from small step to large step. : PV voltage, current and power respectively; , and : SEPIC output voltage, current and power respectively; : Duty ratio;
Nomenclature:
and : Series and parallel resistances, respectively ; , : Cell output current, cell photocurrent and cell reverse saturation current respectively;
: Number of cell connected in parallel and in series respectively; : Boltzmann constant; : Temperature in degrees Kelvin; : Cell output voltage; q: Electron charge.
: Short-circuit current temperature coefficient; : Cell reference temperature; : Solar irradiation W/m².
: Reverse saturation at ; : Band-gap energy of cell's semiconductor; : Dimensionless junction material factor; : Open circuit voltage; : short-circuit current; : Maximum PV voltage; : Maximum PV current ; : Maximum PV power; [15] . The I-V characteristic of a PV-module approached by a one diode model could be described as follows: [16] 
and A= Electrical characteristics of PV-module are given by manufacturers in specific operating conditions, which are worldwide defined as standard test conditions (STC) (cell temperature: 25˚C and irradiation: 1000 W/m²) Tab. 1. The most important disturbance factor is the variation in solar Practical Implementation of a Proposed MPPT Control Strategy irradiation due to its unpredictability. This effect will be discussed in detail in this paper. The irradiation variation has dual effects on the characteristics with respect to the cell temperature. The is almost independent of the irradiation: in literature it is mentioned that such a dependence is logarithmic. On the contrary, the is linearly dependent on the solar irradiation. Figure 2 Number of series cells N s 36
B. DC-DC SEPIC Converter
Photovoltaic systems are almost always associated with power converters. Even in the case of a direct connection between a PV-module and a battery, a non-return diode is needed. Mainly, power converters are needed in order to adapt the electrical frequency and voltage level to the planned use. DC-DC converters are the most popular used in PV systems, because it has a simple structure which allows easily changing the linked impedance between the PV panel and the load by changing the duty cycle, which affects the operating point of the PV-module. The SEPIC converter Figure 3 has been selected to play an effective role based on its higher conversion efficiency; it is very fitting for a broad scale of input voltage values. In fact, the output/input voltage rate is in the Continuous Inductor Mode (CIM) [18] . The MOSFET is controlled through a duty cycle. The mathematical expressions needed for the SEPIC converter are given by the following equation [19] . = 1− (4) When the conversion of power is perfect, the input power is equal to the output power as
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By substituting (4) into (6)
Where V pv and I pv are respectively output voltage and current of PV Panel, V out and I out are the output voltage and current of SEPIC converter and D the duty cycle of switch control. MOSFET is turned-on for time T on and then turned-off for time T off . The process of turning on and off is repeated continuously with a period = + .Hence, the switch duty ratio D could be defined as: 
Maximum Power Point Algorithm
The use of the MPPT can maximize the energy produced from the PV-module and passes it on to the load [15] . In this work, the SEPIC converter is the main impedance adaptation circuit between the load and the PV panel. To maximize the energy harvesting, it is necessary to operate at the MPP. The PV-module is connected a DC-DC SEPIC converter to increase the voltage level and to operate at the desired current and desired voltage to match the maximum available power from the PV-module. 
A. Conventional Incremental Conductance Algorithm
Incremental Conductance technique is mostly used by researchers. Indeed, it is simple to implement compared to the other methods; however, still needed for some improvements in order to achieve the advantage given by the other methods [20] .it is based on the slope of the PV panel power curve as explained by the following equation [21] This algorithm measures for each instant the current ( ) and the voltage ( ) of the PV-module and calculate the conductance / and the incremental conductance / with these values the algorithm determines the MPP of the PV module in the -characteristic as clearly shown in Eq 9 to 12 [23] [22] . During the operating points the algorithm perturb the system and increases the voltage when the sign of the derivative of the power and voltage DP/DV is positive, otherwise, if the sign of the derivative of the power and voltage DP/DV is negative the Salah NECAIBIA, et al.
algorithm perturbs the system in the opposite direction and decreases the voltage This is expressed by the following equations [24] [25] . The flow chart of the Conventional IncCond algorithm is presented in Figure 5 .
B. Modified Incremental Conductance algorithm
The conventional IncCond method, cannot track the maximum energy accurately, which cause the energy losses, so to improve this method. The proposed algorithm is designed to increase the tracking accuracy by eliminating steady-state perturbation and preventing the loss of direction toward the MPP. The flow chart of proposed IncCond algorithm is shown in Figureure7. The Eq 16 is used to create two operating areas as shown in Figure 6 , where Z is a small value of the stepsize. In these two operating areas A and B, the step-size is changed from Small Step (SS) to Large
Step (LS) adaptively. In the area A, the condition of Eq 16 cannot be reached, in this case the stepsize is sets equal to LS. In the area B, the condition of Eq 12 is satisfied in this case, the step-size is sets equal to SS. In short, the algorithm sets the step-size equal to LS when the system operates in the area A and sets the step-size equal to SS when the system operates in the area B. Another test was added Eq 17 to detect if there are variations in both the irradiation and the load. The program checks continuously this test. If this condition is not verified that means, changes occur in load or solar irradiation. So the algorithm sets again the step-size equal to LS. If this condition is satisfied that means, no variation appears in both load and solar irradiation, the system continues to operate at MPP with step-size equal to SS. The Eq 17 is rarely achieved when it is equal to zero, therefore a small power tolerance is authorized = 0.04. 
Simulation Results
The proposed system has been verified using MATLAB/Simulink environment. The block diagram of the overall MPPT system is shown in Figure 8 . The PV module which has been studied in this paper is ISOFOTON IS-75/12 Tab 1. The Conventional IncCond and proposed are simulated under various operating condition. The aim is to compare the two MPPT methods previously mentioned in this paper. These two controllers have been tested under the same operating condition. 
A. The MPP-tracking efficiency
The MPP-tracking efficiency of the two techniques is measured under tow test, various types of irradiance Figure 9 and real scenario of solar irradiation Figure 14 , using the following expression.
The average MPP-tracking efficiency is given as
Where, * is the actual output PV power, which is the objective of the MPPT algorithm. is the actual extracted power from the MPPT algorithm.
B. Various Types of Irradiance
The aim of this test is to assess both tracking velocity and tracking accuracy under various types of irradiance. The irradiance level is changed from 600 W/m² to 1000W/m² with fast, slow and sudden step changes as shown in Figure 9 . The tracking waveforms of power, current and voltage by the conventional and proposed method are given in Figure 10 and Figure 11 respectively. The conventional IncCond technique measures the current and voltage step by step, which needs 0.65 s to finish the tracking process. The proposed method can accelerate the transient tracking time, which takes 0.05 s to reach the MPP. So the tracking velocity of the proposed algorithm is better than the conventional algorithm. When rapidly decrease and increase of solar irradiation (type of sudden step changes), the conventional algorithm drift away from the MPP, which cause both a decrease in the tracking efficiency and energy losses. On the contrary, the proposed algorithm can almost perfectly avoid the drift. The results clearly show that the proposed technique has better performance compared to the conventional technique (faster settling time and never loss of direction), which results in increase in the energy harvested by the PV module. The proposed MPPT controller has a faster response to the change in insolation condition.
The η ( ) was measured for the conventional technique is approximately 97.7 %, its efficiency is low due to both the tracking error of the maximum energy point and losses of direction at sudden change in solar irradiation. For the proposed method, the η ( ) is calculated to 99.48%. So the efficiency of MPPT is increased around 1.78 %. For photovoltaic applications, this improvement is very important because the PV systems have a lifetime of more than twenty years. 
C. Real Scenario of Solar Irradiation
The simulations presented below were carried out using the measurements collected from a weather database in the city of Adrar (Algeria) Figure 13 . This database is stored in the memory of the weather acquisition station. In Figure 14 , it is presented the evolution of the irradiation data for part of the chosen day. In order to test the suggested technique under real conditions, the designed converter is applied to supply a fixed load in the city of ADRAR (Algeria). The tracking waveforms of power, current and voltage by the conventional and proposed method are given in Figure 15 and Figure 16 respectively. The conventional IncCond method is very slow to attain the stationary state, which takes 0.07 s of transitory regime. The proposed method accelerates the convergence time, which takes 0.01 s to attain the steady-state. It can be confirmed once again the superiority of the proposed technique in term of tracking speed the PPM.
The η ( ) was measured for the conventional and proposed method is approximately 97.63 % and 99.41% respectively. So the efficiency of MPPT is increased around 1.78 %. The efficiency of the modified algorithm is always superior to the conventional algorithm even in the case of real irradiance data, which confirm high precision tracking of the MPP. After these interpretations it can be said that the proposed method responds sufficiently, promptly and effectively.
To conclude, the application of modified algorithm offers more speed convergence to reach the desired MPP, with less error around the delivered PV panel power. In addition, the proposed MPPT system does not require any additional components; only a modification in the MPPT control program must be integrated. 
Experimental Results
The overall system consists of PV panel, SEPIC converter, PIC16F877A controller, gate drive and the load 30 . The switch of the SEPIC converter is controlled by the duty cycle, so that the operating point of the PV array progresses towards the MPP. The PIC16F877A controller is programmed with conventional IncCond algorithm and the proposed one to generate the fit PWM controlling the duty cycle. Both current and voltage of the PV-module are measured using ACS712 (current sensor) and voltage divider respectively. the MPP and reduction of ripples. These improvements are seen in the voltage quality Figure 22 . In Figure 23 the proposal allowed less current ripple compared to the conventional IncCond technique. It is observed that the tracking velocity of the conventional IncCond algorithm is too much slow in comparison with the adaptive duty cycle Figure 22 . Therefore, the proposal offers more response time and less voltage ripples. So, the application of proposed method, which makes the system respond rapidly with less error around the delivered PV panel power. In addition, no additional components are required, only a modification in the MPPT control program must be integrated.
Conclusion
In this paper, a novel MPPT technique has been developed in order to eliminate all the drawbacks of the Conventional IncCond method. The proposed IncCond technique was used to track the MPP for PV module under real Solar Irradiation. The obtained results confirm that: the suggested algorithm can find quickly and accurately the MPP, decreasing the energy losses, increasing the tracking efficiency without increasing the cost of PV system components and improving the energy harvesting to ensure the good use of PV system. In addition, the proposed method can be easily implementable in low-cost and low power conception microcontroller.
